INTRODUCTION
Severe symptomatic aortic stenosis carries a dismal prognosis without aortic valve replacement, with a mortality rate of around 25% at 1 year. 1 Surgical aortic valve replacement has been the gold standard of treatment in these patients. However, there are patients within this group with multiple comorbidities who are usually deemed unfit for surgery. In the past, this latter group was managed conservatively 2 or with aortic valvuloplasty as a palliative measure. 3 4 Since Cribier performed the first human case of
KEY MESSAGES
What is already known about this subject?
▸ Severe symptomatic aortic stenosis carries a dismal prognosis without aortic valve replacement. Transcatheter aortic valve implantation (TAVI) has increasingly established itself as a treatment modality for patients unsuitable for surgical valve replacement. However, the risk of mortality and complications post-TAVI is still considerable. There is a paucity of risk stratification scores in potential candidates for TAVI to predict mortality and morbidity post-TAVI.
What does this study add?
▸ This study finds an association between the well-known CHA 2 DS 2 -Vasc score and the risk of 1-year mortality post-TAVI. It also finds an even stronger association between a modified CHA 2 DS 2 -Vasc score (R 2 CHA 2 DS 2 -Vasc) and the risk of 1-year mortality. Thus, this study adds two new risk stratification tools that may be useful in TAVI candidates. The advantage of using the CHA 2 DS 2 -Vasc score is that it is already very well established, easy to use and very well known globally.
How might this impact on clinical practice?
▸ The use of the CHA 2 DS 2 -Vasc score has significant implications in terms of clinical decisionmaking as to whether a patient is suitable for TAVI, and also for patients' decision-making.
percutaneous aortic valve replacement, transcatheter aortic valve implantation (TAVI) has been an option for patients declined valve replacement surgery. However, TAVI is associated with periprocedural and postprocedural morbidity and mortality. [5] [6] [7] In the PARTNER trial, 8 9 a prospective, randomised trial, although TAVI was non-inferior to surgical aortic valve replacement in high-risk patients and superior to medical management in non-surgical candidates, the mortality rate at 1-year post-TAVI was still 24.2% and 30.7%, respectively. At present, there is a lack of an established TAVI-specific scoring system to stratify patients who are potentially at high periprocedural risk. Currently, scores such as the European System for Cardiac Operative Risk Evaluation (EUROSCORE), EUROSCORE II and Society of Thoracic Surgeons (STS) are used to risk stratify these high-risk cohorts of patients undergoing surgical aortic valve replacement. [10] [11] [12] In our study, we have used the CHA 2 DS 2 -Vasc score 13 and a modified version-the R 2 -CHA 2 DS 2 -Vasc score-as potential prognostic tools to quantify the risk of 30-day mortality in patients undergoing TAVI. The CHA 2 DS 2 -Vasc score is a well-validated score to establish the risk of cerebrovascular accident (CVA) in patients with atrial fibrillation.
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MATERIALS AND METHODS
This is a retrospective analysis of prospective data registry of consecutive patients who underwent TAVI at three tertiary centres (Manchester Royal Infirmary, Blackpool Victoria Hospital and University Hospital of South Manchester). Patients received either the CoreValve (Medtronic, Minneapolis, Minnesota, USA) or the Edwards-SAPIEN (Edward Lifesciences, Irvine, California, USA) prosthesis. We obtained data for patients admitted to any of the three sites for implantation of a TAVI between April 2008 and April 2013. Information was collected through correspondence from outpatient clinic visits and the hospitals' TAVI database, retrospectively.
Primary end point mortality
The primary clinical end point was all-cause mortality (as recommended by the Valve Academic Research Consortium-VARC, 14 ) within 30 days after hospital admission. National unique identifiers were used to link patients with the Office for National Statistics in the UK. We accessed these registries to ascertain the date of death.
Secondary end points
The secondary end points were mortality within 1 year, stroke, need for a permanent pacemaker insertion within 30 days of the TAVI, major vascular complications (defined as requiring a vascular surgical input, excessive procedure-related bleeding (defined as life-threatening, disabling or major bleeding, fatal bleeding or need for blood transfusion)) and requirement for surgical intervention peri-TAVI or post-TAVI.
CHA 2 DS 2 -Vasc scoring
We calculated the CHA 2 DS 2 -Vasc score (table 1) for all patients. A modified score (R 2 CHA 2 DS 2 -Vasc), devised by our group, was derived where R 2 defines pre-existing renal impairment (serum creatinine >200 µmol/L) and pre-existing conduction abnormality (right bundle branch block/left bundle branch block, RBBB/LBBB) on preprocedural ECGs, with one point given for each factor. Patients with a pre-existing permanent pacemaker scored 0 for the rhythm score. The scores were then analysed for any association with 30-day all-cause mortality and the secondary end points.
Statistical analysis
The data were analysed with the statistical package Stata/ MP V.13.1 (Stata Corp). Anthropometric data are expressed as arithmetic mean (95% CIs). The normal distribution of the continuous variables was examined with Shapiro-Wilk's test. Comparisons of means or proportions were made by the t test on log-transformed data, analysis of variance (ANOVA) or χ 2 test where relevant. Receiver operating characteristic analysis and the area under the curve were used to identify the sensitivity and specificity of the CHA 2 DS 2 -Vasc and R 2 CHA 2 DS 2 -Vasc cut-off points for mortality. The optimal cut-off values were defined by Youden's index, that is the point at which the value of 'sensitivity + specificity -1' was maximal (CHA 2 DS 2 -Vasc=6 and R 2 CHA 2 DS 2 -VASC=7). The Cox proportional hazard regression models were used to assess the association between the dependent variables and mortality. Multivariable models were adjusted. We checked the proportional hazards assumption for each model based on the analysis of Schoenfield residuals. We compared the predictive powers of the survival models using Harrell's C statistic. 15 
RESULTS
The study population was drawn from three hospitals in the northwest of England. A total of 313 patients with severe aortic stenosis underwent TAVI. The mean age of sented in table 3 . There were more women in the higher score category. There was a greater proportion of patients with diabetes, hypertension, congestive heart failure and peripheral vascular disease among those with a CHA 2 DS 2 -Vasc score ≥6 and an R 2 CHA 2 DS 2 -Vasc score ≥7. The log EuroSCORE was also greater in these patients. The proportion of those who smoked or had renal impairment, coronary artery disease and atrial fibrillation was similar.
Primary end point: 30-day mortality There were 24 (7.7%) deaths at 30 days with 8 deaths (14.3%) in patients with a CHA 2 DS 2 -Vasc score ≥6. This was significantly greater compared with patients with a preoperative CHA 2 DS 2 -Vasc score <6 (6.2%; p=0.04). Using the R 2 CHA 2 DS 2 -Vasc score, the 30-day mortality rate was 22.6% in those patients with a R 2 CHA 2 DS 2 -Vasc score ≥7 compared to 6.0% deaths in those with a score <7 ( p=0.001).
Patients with a CHA 2 DS 2 -Vasc score ≥6 had twice the likelihood of mortality within 30 days compared with those with a score <6 (HR 2.41 (1.03 to 5.63)). When the R 2 CHA 2 DS 2 -VASC score was considered, the risk of 30-day mortality was four times greater in those with a score ≥7 compared with those with a CHA 2 DS 2 -Vasc score <7 (HR 4.14 (1.71 to 9.98); p<0.01).
Secondary end points
There were no differences in 1-year mortality proportions for a CHA 2 DS 2 -Vasc score of 6 and <6 (26.8% and 19.5% ( p=0.220), respectively). The Kaplan-Meier curves for both groups are shown in figure 1A , B, respectively. Similarly, the proportions of deaths were no different at 1 year using the R 2 CHA 2 DS 2 -Vasc score (33.3% vs 19.5% for a CHA 2 DS 2 -Vasc score ≥7 and <7, respectively (χ 2 =2.76; p=0.097)). In those patients who Table 4 shows a comparison of risk factors by mortality status. In univariable Cox regression analyses (table 5) , there were no relationships with age, sex, renal impairment, peripheral vascular disease, hypertension, hyperlipidaemia, diabetes history, smoking status, congestive heart failure, previous MI, previous CABG and previous percutaneous coronary intervention (PCI) with 30-day mortality. In multivariable Cox regression analyses, patients with a CHA 2 DS 2 -Vasc score ≥6 had about three times the risk of death (HR 2.71 (1.01 to 7.31); Harrell's C=0.73) within 30 days. This risk was independent of renal impairment, hyperlipidaemia, smoking history, previous CABG, history of atrial fibrillation, previous PCI periprocedural complications including requiring pacing or vascular complications ( figure 2A) . In a similar model (figure 2B) replacing the CHA 2 DS 2 -Vasc score with the R 2 CHA 2 DS 2 -Vasc score, this independent relationship remained (HR 4.27 (1.50 to 12.07)), with vascular complications also independently associated with mortality (HR 3.74 (1.19 to 11.77); Harrell's C=0.75).
We also performed multivariable Cox regression analyses to quantify the likelihood of death at 1 year. The estimates were attenuated with no increased risk of mortality at 1 year for those with a CHA 2 DS 2 -Vasc score ≥6 compared with those with a score <6 ( figure 3A) . Patients with an R 2 CHA 2 DS 2 -Vasc score ≥7 had more than three times the increased risk of mortality within a year compared with those with lower scores (figure 3B, Harrell's C=0.79 for model).
DISCUSSION
TAVI carries significant increased procedural-related mortality and morbidity risks. 10 16-18 We have shown the potential for employing the well-known CHA 2 DS 2 -Vasc score typically used in predicting stroke in atrial fibrillation, to estimate the likelihood of 30-day all-cause mortality in patients undergoing a TAVI procedure. Furthermore, we have shown that a modified versionthe R 2 CHA 2 DS 2 -Vasc score, which adds a point each for renal dysfunction or a history of RBBB/LBBB-is associated with increased mortality at 30 days, and up to 1 year, and may play a role in quantifying the risk of mortality in patients undergoing TAVI. Currently, the EUROSCORE, EUROSCORE II, 11 Logistic EuroSCORE 19 and STS 12 are used to estimate predicted surgical mortality in cardiac surgery including aortic valve replacement. These scores were originally validated from surgical cohorts in patients who were younger (the patients in the original EUROSCORE cohort had a mean age of 62.5 years) compared with the typically older TAVI patients (mean age 84 and 83 years in the PARTNER TAVI trial cohorts A and B, respectively). 8 9 The original cohort also included around 40% women, a high proportion of hypertensives (67.3%), 8.5% who had had a CVA/transient ischaemic attack (TIA) and around 17% were with diabetes. These characteristics are very similar to those in our study population (47% women, 57% hypertensive, 12% who had had a stroke or TIA and 18% who were with diabetes). 13 Although all the EUROSCORE, EUROSCORE II and the Logistic EuroSCORE have shown moderate correlation with short-term mortality after TAVI, they are validated to predict risks from undergoing surgical valve replacement than a percutaneous transcatheter-based procedure such as TAVI. 20 Second, the STS and EUROSCORE have multiple variables often necessitating online calculators; therefore, the need for a simple nonsurgically oriented score is evident.
The CHA 2 DS 2 -Vasc score was originally derived from a medical cohort of patients with non-valvular atrial fibrillation (AF) to predict the risk of thromboembolism. 13 Recently, this score has also been demonstrated to predict risk of stroke in patients without AF 21 and coronary artery disease severity, 22 and has been associated with left atrial dysfunction in patients with coronary heart disease. 23 Furthermore, the CHA 2 DS 2 -Vasc score includes a number of variables that are relevant to TAVI patients. To account for the presence of renal and conduction abnormalities, we derived a modified version of the CHA 2 DS 2 -Vasc score to take into account baseline renal function and ECG changes of bundle branch block. Renal function at baseline has been shown to be independently associated with mortality post-TAVI. 6 RBBB pattern on a baseline ECG is associated with the future need for permanent pacemaker implantation post-TAVI. 7 Our results showed a strong association between the R 2 CHA 2 DS 2 -Vasc score and short-term (30 days) allcause mortality. Patients with a baseline CHA 2 DS 2 -Vasc score ≥6 or a modified R 2 CHA 2 DS 2 -Vasc score ≥7 appeared to have increased short-term mortality (14.3% vs 22.6%, respectively). While the scores were significantly associated with short-term mortality, only those with higher R 2 CHA 2 DS 2 -Vasc scores had significantly worse prognosis at 1 year. Confirmation of these findings in a larger prospective study or validation of the model in a separate cohort may clarify whether either score has a role in guiding clinical decision-making during the assessment of potential candidates at the TAVI multidisciplinary meetings.
Study limitations
The findings presented here are novel but are limited by the small sample size and its consequent impact via possible type 2 errors. The current study is a hypothesisgenerating retrospective analysis designed to test association between a risk score designed for predicting stroke risk and mortality related to the TAVI procedure. A more comprehensive study would require application of this score to the national UK TAVI database, for example, which would have a greater number of patients. Further studies will be necessary to validate the findings, taking into account other procedural factors. Lastly, we did not undertake a direct comparison between the CHA 2 DS 2 -Vasc score and the established surgical-based risk-scoring tools-EUROSCORE, EUROSCORE II or STS.
CONCLUSION
This multicentre retrospective analysis of patients in a TAVI registry demonstrates the potential use of the R 2 CHA 2 DS 2 -Vasc score (and the CHA 2 DS 2 -Vasc score) as a simple tool for the identification of patients at high risk from short-term or medium-term mortality. If validated in a larger prospective cohort, the score may provide both the clinical team and patients with a simple tool to estimate mortality in TAVI procedures.
Contributors TH, TRC and SGA contributed to the design, analysis and preparation of the manuscript. SGA performed the statistical analysis. IH helped with data collection. DGF, RH, SC, RL and VSM all reviewed and edited the final manuscript. TH has overall responsibility for the content.
